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Lasing  Without  Inversion  in  Gamma-Ray  Range 

This  investigation  involved  three  following  directions. 

1.  THE  COMPARATIVE  ANALYSIS  OF  THE  BASIC  SCHEMES  for  inversionless  amplification 
with  respect  to  specific  application  in  gamma-ray  range.  Search  for  the  appropriate  nuclear  structure 
with  the  split  operating  levels  and  for  the  methods  of  the  coherence  excitation  available  in 
nuclei. 

2.  THE  POSSIBILITIES  OF  THE  MANIPULATIONS  BY  THE  ABSORPTION-REFRACTIVE 
PROPERTIES  of  the  multilevel  quantum  systems  via  driving  of  some  resonant  transitions  by  the 
strong  coherent  fields.  Such  possibilities  are  of  interest  not  only  for  realization  of 
amplification  without  inversion  (via  suppression  of  the  resonant  absorption)  but  also  for  the 
achievement  of  the  high  refraction  index  under  conditions  of  the  vanishing  absorption  what  could 
provide,  in  principle,  the  high  refractivity  for  radiation  in  gamma-range. 

3.  THE  FUNDAMENTAL  THERMODYNAMIC  RESTRICTIONS  inherent  to  the  process  of 
amplification  without  inversion. 

The  major  results  are  as  follows. 

1.  THE  COMPARATIVE  ANALYSIS  OF  THE  BASIC  SCHEMES  The  comparative  analysis  of 
three  basic  schemes  for  inversionless  amplification  (so  called  P-scheme,  h-scheme  and 
double-lambda  scheme)  which  have  been  already  realized  experimentally  in  optical  range 
was  done  with  an  emphasis  on  the  possible  application  and  specific  features  of  these  schemes  in 
gamma-ray  range. 

1.1.  The  nuclear  coherence  at  Zeeman  and  hyperfine  transitions  can  be  excited  by  the 
resonant  driving  of  these  transitions  with  the  microwave  fields  (using  so-called  P  and  h 
configurations).  It  is  shown  that  this  method  can  be  applied  only  in  case  of  the  metastable 
upper  operating  level.  For  solids  the  corresponding  life  time  should  exceed  milliseconds. 

1 .2.  New  kind  of  the  so-called  combined  P-h  and  double-lambda  schemes,  where  nuclear 
coherence  is  excited  by  means  of  coherent  laser  fields  acting  at  the  resonant  electron 
transitions  due  to  the  hyperfine  interaction  coupling  electron  and  nuclear  degrees  of  fi-eedom,  is 
suggested.  In  these  schemes  no  restriction  on  the  life  time  of  the  operating  transition  appears 
but  the  efficiency  of  the  nuclear  coherence  excitation  is  decreased  by  the  large  factor  which  is  a 
ratio  of  the  fi'equencies  of  the  operating  gamma  and  adjacent  optical  transitions. 

1 .3.  The  simplest  five-level  scheme  involving  eigenstates  of  the  Hamiltonian  of  the  combined 
coupled  system:  nuclei  +  electrons  was  suggested  and  analysed  in  details  both  analitically 
and  numerically.  The  possibility  of  amplification  without  inversion  in  gamma-ray  range  on  the 
basis  of  this  scheme  was  demonstrated.  The  concrete  estimates  of  the  magnitude  of  the  gain 
and  the  power  of  the  incohemet  and  coherent  pumping  were  given. 

(See  refs.  1,  5, 9  below.) 

2.  WE  POSSIBILITIES  OF  THE  MANIPULATIONS  BY  THE  ABSORPTION-REFRACTIVE 
PROPERTIES  ' 

2.1.  We  analyzed  three-level  systems  driven  by  the  strong  coherent  field  at  one  of  three 
transitions  and  probed  at  the  adjacent  transition  and  shown  that  population  trapping  to  one  of 
two  dressed  states  provides  the  high  ratio  of  the  refractive  index  to  the  absorption  coefficient. 


2.2.  Such  trapping  can  be  achieved  via  two  different  mechanisms:  either  due  to  the  large 
detuning  of  the  driving  field  corresponding  to  the  value  of  the  Rabi  frequency  for  the  probe 
field  or  due  to  the  crossing  between  one  of  twp  dressed  states  and  a  nearby  unperturbed  level 
leading  to  the  drastic  modification  of  the  relaxation  coefficients  by  the  driving  field. 

2.3.  The  possibility  of  population  inversion  both  at  the  driven  and  the  adjacent  higher 
frequency  transitinons  was  demonstrated  in  the  certain  domain  of  intensity  and  detuning  of 
the  driving  field. 

2.4.  Population  trapping  to  the  intermediate  atomic  level  was  predicted  in  case  of 
sufficiently  large  intensity,  which  provides  a  new  technik  of  optical  pumping. 

(See  refs.  2-4,  8,10,11,13  below.) 

3.  THE  FUNDAMENTAL  THERMODYNAMIC  RESTRICTIONS 

3.1.  We  derived  the  general  necessary  condition  of  amplification  without  inversion  for  all 
four  basic  schemes  involving  three-four-level  media  driven  by  the  resonant  external  coherent 
fields  and  probed  at  the  adjacent  transitions. 

3.2.  Analyzing  this  condition  we  strictly  proved  that  independently  on  the  intensity  of  the 
driving  field  amplification  of  the  probe  field  in  case  of  high  frequency  up-conversion  from 
the  driving  to  the  probe  field  (with  a  conversion  factor  larger  than  2)  requires  the  presence 
of  the  inequilibrium  reservoir  providing  incoherent  pumping  to  the  upper  operating  level. 

3.3.  The  possibility  of  amplification  with  an  up-conversion  factor  lower  that  2  in  case  of 
thremally  equilibrium  reservoir  was  demonstated,  which  can  provide  the  essentially  new 
source  of  coherent  radiation. 

(See  refs.  6,  7,12  below.) 
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